All the fractions of Phellinus linteus mycelia showed anti-tumor activity toward solid tumors planted in mice. The highest anti-tumor activity of 81.2% was observed in the protein-glucan complex obtained by precipitating the 24% NaOH extract at pH 6.0. This protein-glucan complex consisted of 39.3% polysaccharide and 49.4% protein.
Various mushrooms have been used as folk medicine for a long time, the higher Basidiomycetes having become a matter of great interest due to their diverse nutritional, medicinal, and pharmacological properties. Mushroom extracts are widely sold as nutritional supplements that are claimed to be beneficial for human health. During the past three decades, many polysaccharides and polysaccharide-protein complexes have been isolated from the fruiting body and the mycelia of mushrooms. The biological activities of these polysaccharides and polysaccharide-protein complexes have recently attracted more attention in the biochemical and medical areas because of their immunomodulatory and antitumor effects. 1) We targeted Phellinus linteus in this study, since the fungus has exhibited very potent anti-tumor activity among mushrooms examined.
2) P. linteus is a perennial fungus which is selectively parasitic on Morus rubra. This fungus is known as the Chinese medicine, Souou, and a compound showing antioxidative activity has been isolated from the mycelia.
3) However, no other pharmacological efficacy principles of P. linteus are known. We therefore surveyed the anti-tumor activity of masscultured mycelia of this fungus, found strong anti-tumor activity in the mycelial extract, and succeeded in isolating the active principles.
Materials and Methods
Fungus strain and culture conditions. The strain of Phellinus linteus used was PL-08 4) maintained by IBI Co., Ltd. The medium components for the mycelial culture were as follows; glucose, 4%; polypeptone, 0.3%; yeast extract, 0.3%; KH 2 PO 4 , 0.05%; and Na 2 HPO 4 , 0.05% (in distilled water). The culture medium was adjusted to pH 5.5.
5) The aerated liquid culture was carried out in a 1.5 ton tank containing 1000 liters of the medium and incubated at 25 C for 45 d. After the cultivation, 85 kg of wet mycelia was obtained by centrifugation (7;000 Â g, 30 min).
Extraction and fractionation of Phellinus linteus mycelia. The dried mycelia (100 g) of the fungus were extracted with ethanol (1 liter, twice) at 25 C for 24 h and with acetone (500 ml) at 25 C for 3 h. After combining the ethanol and acetone solutions, the combined solution was concentrated and dried under reduced pressure (FS, 8.843 g). The residue (S) was extracted with boiled water (2 liters, 4 times) for 1 h. The combined solution was concentrated, and 3 volumes of EtOH was added to the concentrate. The resulting suspension was centrifuged (9;200 Â g, 30 min) and the obtained precipitate was lyophilized (FI, 25.821 g). After this hot-water extraction, the resulting residue (I) was extracted with 4% NaOH (2 liters, 3 times) at 5 C for 24 h. The solution was adjusted to pH 6.0 with acetic acid. The resulting suspension was centrifuged (9;200 Â g, 30 min). The precipitate was lyophilized, giving FII-1 (5.857 g). To the supernatant, 3 volumes of EtOH was added. The resulting suspension was centrifuged (9;200 Â g, 30 min) and lyophilized, affording FII-2 (7.865 g). Residue II after the 4% NaOH-extraction was extracted with 24% NaOH (2 liters, 3 times) at 5 C for 24 h. The extracted solution was treated by the same method as the 4% NaOH solution, giving FIII-1 (0.392 g) and FIII-2 (2.171 g). The final residue (III) amounted to 20.230 g.
Mice and tumor cells. Specific pathogen-free (SPF) BDF-1 mice (female, 4 weeks old) were purchased from Nippon Clea, Japan. They were maintained under SPF conditions until being used. Sterilized food and water were supplied ad libitum, and the animals were housed with a 12 h light/dark cycle. Sarcoma-180 solid tumor cells (Dainippon Pharmaceutical Co., Ltd., Japan) were maintained in an RPMI 1640 medium supplemented with 10% fetal calf serum.
Monosaccharide composition. Each fraction was completely hydrolyzed by heating in 0.5-1.0 M H 2 SO 4 at 100
C for 3-6 h. The resulting monosaccharides were reduced with NaBH 4 , and then acetylated with acetic anhydride and pyridine. The constituent sugars were determined by standard GLC-MS of their alditol acetates. The total sugars were measured by the phenol-sulfuric acid method with reference to glucose. 6) Amino acid composition and protein content. Amino acids were analyzed with a Hitachi L-8500 amino acid analyzer after hydrolyzing the samples (1 mg) in 6 M HCl (1 ml) for 20 h at 110 C in sealed, evacuated tubes. The protein contents were determined by the method of Lowry et al., 7) with reference to bovine serum albumin.
NMR spectra. All NMR experiments were conducted with a Jeol lambda-500 spectrometer. Each sample (10 mg) was dissolved in 0.5 ml of 1 M NaOD. The chemical shift values were referenced to internal sodium 2,2,3,3-tetradeuterio-4,4-dimethyl-4-silapentanoate (TSP).
Molecular weight estimation. The molecular weight of each sample was estimated by standard dextran (Pharmacia), using Toyopearl HW-65F gel filtration.
Assay
, 25, 27, 29, 31 and 33 days after the implantation. Control mice were given physiological saline alone. 35 days after the implantation, the tumor weight was measured to obtain the tumor proliferation inhibitory percentage. The tumor inhibition effect was calculated by using the following equation: tumor suppression (%) ¼ ð1 À T=CÞ Â 100, where T is the tumor weight in the treated group and C is the tumor weight in the control group.
Results and Discussion
The extraction and fractionation procedure of P. linteus mycelia is summarized in Fig. 1 , and the anti-tumor activity of the fractions is listed in Table 1 . All the fractions showed anti-tumor activity toward the solid tumors implanted in the mice. The highest activity was observed in fraction FIII-1, which had been obtained by precipitating the 24% NaOH extract at pH 6.0, its inhibition ratio being 81.2% (Table 1 ). The physicochemical properties of each fraction such as the sugar content, protein content, constituent sugar and amino acid composition are listed in Tables 2 and 3 . The most active fraction, FIII-1, was composed of 49.4% of protein and 39.3% of sugar. Its constitutive sugars were Fru:Xyl:Man:Glc:Gal = 1.1:3.6:3.4:87.3:4.7 in molar ratio, suggesting that the main polysaccharide part of FIII-1 was a glucan. The amino acid analysis of FIII-1 found high contents of Leu, Glu, Asp, Gly and Ala. This amino acid composition is similar to that of Krestin. 8) The average molecular weight of FIII-1 estimated by gel filtration with standard dextran was 1,000-2,000 kDa (data not shown). Although this polysaccharide-protein complex was eluted as a single peak by gel filtration, there is conclusive evidence of a covalent linkage between the protein and polysaccharide. The structure of the glucan part in the molecule was analyzed by NMR interpretation. Although signal-broadening occurred because of gel formation in the solvent used, all the proton signals from the glucan-part in its 1 H-NMR spectrum could be assigned by an analysis of its COSY spectrum (Fig. 2); 5.14 (H-1), 3.79 (H-5), 3.73 (H-6a),  3.65 (H-3), 3.50 (H-6b), 3.44 (H-2), 3.30 (H-4) . In addition,
13 C-NMR gave only 6 major signals (Fig. 3) , and the assignment of the signals was accomplished by interpretation of the HMQC spectrum of the complex (data not shown); 102.4 (C-1), 85.6 (C-3), 74.2 (C-5), 72.3 (C-2), 71.8 (C-4), 62.3 (C-6). These data indicate that the glucan part of the complex mainly contained simple -1,3-glucan chains. 9) In general, anti-tumor polysaccharides from mushrooms are -D-glucans. 12) -1,3-D-Glucans have been isolated from some mushrooms. 13, 14) Furthermore, it has been reported that an -1,3-D-glucan from Lentinus edodes had weak anti-tumor activity, and that sulfation of the glucan slightly increased its antitumor activity. Protein-bound -D-glucans obtained from the mycelia of Coriolus versicolor 16) and the fruiting body of Flammulina velutipes 17) have shown anti-tumor activity when administered p.o. as well as i.p. In this study, FIII-1 obtained from the mycelia of Phellinus linteus had higher anti-tumor activity when administered p.o. It is considered from this result that the structure of the sugar and the composition of the amino acid in the protein were related in their absorption to the inside of the body or activity of the gut immunity. To the best of our knowledge, this is the first report of potent anti-tumor activity by p.o. administration of a protein--1,3-glucan complex.
